Purpose Physical activity (PA) and sedentary behavior may influence the physical and mental health of breast cancer survivors; however, few studies have objectively measured these behaviors in this population. We used accelerometers to measure the PA and sedentary time levels of breast cancer survivors and examined the demographic, behavioral, and medical correlates of these behaviors using two complementary approaches. Methods A total of 259 breast cancer survivors wore an accelerometer for 7 days during waking hours and completed a questionnaire. We used linear regression and classification trees to investigate correlates of PA and sedentary time.
Introduction
Physical activity after a breast cancer diagnosis has positive effects on fitness, body size, fatigue, and quality of life [1] , and recent evidence from observational studies suggests that physical activity may also be associated with increased survival and reduced risk of recurrence [2] . Emerging evidence also indicates that sedentary behavior has adverse health consequences, although there is limited research on this topic among breast cancer survivors [3] . Previous research indicates that between 22 and 54 % of breast cancer survivors meet physical activity guidelines [4] [5] [6] [7] [8] [9] [10] . However, most of the studies conducted to date have been limited by use of selfreport measures, which show poor to fair absolute agreement Electronic supplementary material The online version of this article (doi:10.1007/s00520-015-3011-3) contains supplementary material, which is available to authorized users.
with objective measures of physical activity and sedentary time in cancer survivors [11] . The limited research concerning sedentary time suggests that breast cancer survivors are sedentary for 9-11 h per day [9, 10, 12] .
Previous research has identified several potential correlates of physical activity and/or sedentary time in breast cancer survivors, including ethnicity, obesity, smoking status, prediagnosis physical activity levels, fatigue, depression, and cancer treatment [4-7, 9, 13, 14] . However, much of this research has been limited by the use of self-reported measures of physical activity. In addition, previous studies have only used regression modeling to identify individual factors that are associated with higher or lower levels of physical activity and/or sedentary time. While this method provides important and useful information, it is limited in its ability to test for interaction between individual correlates and often results in difficult to interpret interaction effects when a variable has more than two categories and/or multiple interactions are present [15] . Classification tree-based analyses are able to consider any number of combinations of correlates to identify mutually exclusive subgroups that optimally predict the dependent variable. Classification tree-based analyses have been used in previous studies to identify correlates of various health behaviors, such as physical activity [16, 17] and cancer screening adherence [18] . Using classification trees to identify specific population subgroups with lower physical activity and/or higher sedentary time levels, in addition to using regressionbased analyses to identify individual variables that are correlated with these behaviors, will provide a more complete picture of sedentary time and physical activity predictors and allow for better targeted interventions.
The aims of this study were to (1) objectively measure and describe in detail the sedentary time, light-intensity physical activity (LPA) and moderate-to-vigorous physical activity (MVPA) levels of breast cancer survivors; (2) identify the demographic, behavioral, and medical correlates of these behaviors; and (3) use classification tree-based analyses to determine specific population subgroups with higher or lower levels of these behaviors.
Methodology
The Accurate Measurement of Physical Activity and Sedentary Time Among Breast Cancer Survivors (ACCEL-Breast) study was a cross-sectional study conducted in Western Australia (WA) in 2013 [19] . Breast cancer survivors invited to participate in this study had previously taken part in a casecontrol study of breast cancer that was conducted between 2009 and 2011 [20] . Eligibility criteria for the current study included being female, aged 18 to 80 years of age at the time of diagnosis, being 1-3 years post-diagnosis, and residing in WA at the time of diagnosis. Breast cancer survivors who had been diagnosed with a subsequent cancer or were currently receiving chemotherapy or radiotherapy were ineligible-this information was obtained via self-report from the participants after they had been invited to take part in the study. Written informed consent was obtained from all participants, and the study was approved by Human Research Ethics Committees at the WA Department of Health and The University of WA.
A total of 600 breast cancer survivors were sent a study invitation letter, study information sheet, consent form, and a reply paid envelope. A reminder letter was sent to nonresponders approximately 1 month after the initial invitation. Breast cancer survivors who agreed to take part in the study were then sent the study questionnaire and an accelerometer (with instructions), which they were instructed to wear on an elasticized waistband over their right hip during waking hours for 7 days.
Accelerometer data
Physical activity and sedentary time were derived from Actigraph GT3X-Plus accelerometers (Actigraph, LLC, Pensacola, FL). The accelerometer data were processed using 60-s epochs. Commonly accepted activity count cutoffs were used to differentiate sedentary time [<100 counts per minute (CPM)], LPA (100-1951 CPM) and MVPA (≥1952 CPM) [21, 22] . Non-wear time was defined as intervals of at least 60 consecutive minutes of zero counts, with allowance for up to 2 min of observations of less than 50 counts per minute within the non-wear interval. To be considered valid, days of data collection required at least 600 min of wear time and no excessive counts (>20,000 counts per minute) [22] .
We also derived time spent in sedentary bouts of 20 or more consecutive minutes; this duration of time has been shown to adversely affect cardiometabolic biomarkers [23] . Finally, we considered time spent in MVPA bouts of ten or more consecutive minutes and classified participants as meeting or not meeting physical activity guidelines (most physical activity guidelines recommend that MVPA be performed in bouts of ten or more minutes) [24, 25] . Participants who did 150 or more minutes of MVPA per week (with vigorous-intensity physical activity double-weighted [25] ) were considered to be meeting physical activity guidelines. Weekly minutes were calculated by multiplying the average daily amount by 7.
Case-control, questionnaire, and cancer-related data
The following variables were obtained from the case-control study: socioeconomic status at diagnosis, smoking status at diagnosis, number of children at diagnosis, body mass index at diagnosis, average hours per week of MVPA in the year before diagnosis, usual sleep quality, menopausal status at diagnosis, dog ownership at diagnosis, and morningness/ eveningness. Socioeconomic status was based on residential postcode and was derived from the Index of Relative SocioEconomic Disadvantage from the Socio-Economic Indexes for Areas [26] . All other variables were obtained via self-report. MVPA in the year before diagnosis was derived from a self-reported physical activity questionnaire that collected information about lifetime recreational, household, and transport-related physical activity [27, 28] . Morningness/ eveningness was assessed using the Horne-Ostberg scale, and participants were classified as evening types, morning types, or neither [29] .
The following variables were obtained via a selfadministered questionnaire in the ACCEL-Breast study: marital status, current employment status, educational attainment, hormone therapy status, breast cancer treatment, and comorbidity. Participants were also asked if a doctor had ever given them a prescription for exercise (i.e., told them specifically what exercise to do). Time since diagnosis, breast cancer stage at diagnosis, and breast cancer grade at diagnosis were derived from data obtained from the Western Australian Cancer Registry. Time since diagnosis, age group, socioeconomic status, and breast cancer grade were available for both participants and non-participants.
Analysis
We used chi-squared tests to determine if the distribution of age group, socioeconomic status, breast cancer grade, and/or time since diagnosis differed between the participants and non-participants. Descriptive statistics were used to characterize the demographic, behavioral, and medical characteristics of the participants, as well as the sedentary time and physical activity variables. We used linear regression models to investigate the associations between demographic, behavioral, and medical correlates and daily minutes of sedentary time, LPA, and MVPA, with all analyses adjusted for average daily minutes of accelerometer wear time. Correlates with a p value of less than 0.1 in the univariate analyses were then included in the final multivariate model.
Finally, we performed two chi-squared automated interaction detection (CHAID) analyses [30] . CHAID is a procedure that uses chi-squared statistics to grow a classification (decision) tree. CHAID was used to optimally predict population subgroups that were (1) more (or less) likely to meet physical activity guidelines and (2) more (or less) likely to have sedentary time levels at least twice as high as their activity levels (LPA and MVPA combined). Only variables that were included in the final model for daily minutes of MVPA were included for consideration in meeting MVPA guideline CHAID analysis, and only variables that were included for the final model for daily minutes of sedentary time and/or LPA were included for consideration in the sedentary activity ratio CHAID analysis. To ensure that the population subgroups identified by the CHAID procedure were of a meaningful size, a minimum of 52 participants (20 % of the sample) was required for a variable to split and a minimum of 26 participants (10 % of the sample) was required in each terminal node. At each level of the classification tree, categories of a variable could be automatically merged to optimally predict the dependent variable.
A two-sided p value of <0.05 was considered statically significant, unless otherwise indicated. Stata 13.1 (StataCorp, College Station, TX) was used for all analyses.
Results

Participants
A total of 600 breast cancer survivors were invited to take part in this study, 48 of whom were deemed to be ineligible as they were either currently receiving chemotherapy or radiotherapy for their breast cancer or they had been diagnosed with another cancer. Of the 552 eligible survivors, 340 (61.6 %) agreed to take part in the study and 274 (49.6 %) went on to complete the study. There were no meaningful or statistically significant differences between the participants and non-participants for age, area-level socioeconomic status, time since diagnosis, or cancer grade (as shown in Table 1 in Online Resource 1).
Valid accelerometer data were obtained from 267 participants, 259 of whom also completed the questionnaire. The demographic, behavioral, and medical characteristics of these 259 participants are displayed in Table 1 . Participants were between 36 and 84 years of age (median age=61 years) and were 2.3 to 3.7 years post-diagnosis (median time since diagnosis=3.0 years). Only 15.4 % of the participants could recall being told specifically what exercise to do by a doctor.
Accelerometer-assessed physical activity and sedentary time
Participants wore the accelerometer for an average of 14.5 h per day (median=14.6 h) ( Table 2 ). Participants were sedentary for an average of 8.2 h per day (median=8.2 h) and had a daily average of 5.8 h of LPA (median=5.7 h), 32 min of moderate-intensity physical activity (median=27 min), and 1 min of vigorous-intensity physical activity (median = 0.2 min). Overall, participants spent an average of 56.4 % of their accelerometer wear hours sedentary, 39.8 % in lightintensity physical activity, and 3.6 % in MVPA.
Approximately 13 % of participants had sedentary time levels that were at least twice as high as their activity levels (LPA and MVPA combined), and only 14.7 % of the participants were meeting physical activity guidelines (performing 150 min of MVPA per week in bouts of ten or more minutes).
Correlates of physical activity and sedentary time
Linear regression analyses
All variables that were associated with one or more of sedentary time, LPA, and MVPA at the significance level of 0.10 in univariate analyses are shown in Table 3 . In multivariate analyses, age was significantly associated with sedentary time; participants aged 50 to 59 years had significantly lower Participants who were morning types had significantly higher levels of MVPA than evening types (10.5 min, 95 % CI=2.3, 18.7), while having two children (compared with having no children) and having a family history of breast cancer were also associated with significantly higher levels of MVPA.
Classification tree analysis
Four population subgroups were identified in the classification tree analysis for meeting physical activity guidelines (Fig. 1) . The subgroup least likely to be meeting physical activity guidelines consisted of participants with the highest levels of comorbidity; none of the 39 participants in this group were meeting guidelines. The participants in the subgroup most likely to be meeting guidelines had no or low comorbidity, a university degree, and reported performing more than 6 h per week of pre-diagnosis MVPA; 47 % of the participants in this subgroup were meeting physical activity guidelines. Three population subgroups were identified in the sedentary time-activity ratio classification tree analysis. A subgroup consisting of participants aged 70 years and above was the most likely to have sedentary time levels at least twice as high as their activity levels (29 %). Among those aged younger than 70 years, participants who reported 2.5 or more hours of pre-diagnosis MVPA were less likely than those who reported fewer than 2.5 h of pre-diagnosis MVPA to have sedentary time levels at least twice as high as their activity levels (6 % compared with 19 %).
Discussion
In this study, we found that, on average, breast cancer survivors were sedentary for 57 % of their waking hours, in LPA for 40 % of their waking hours, and in MVPA for the remainder (around 32 min per day). Factors associated with accelerometer-assessed sedentary time and/or activity levels in regression analyses included pre-diagnosis MVPA levels (sedentary time, LPA, and MVPA), education (sedentary time and LPA), age (sedentary time), number of children (MVPA), morningness/eveningness (MVPA), and family history of breast cancer (MVPA). In classification tree analyses, we found that participants with higher comorbidity were the least likely to be meeting physical activity guidelines, while a subgroup consisting of participants with no or low comorbidity, a university degree, and higher levels of pre-diagnosis MVPA were the most likely to be meeting physical activity guidelines. Older participants (70 years and older) were the most likely to have sedentary time levels at least twice as high as activity levels. Participants who were younger than 70 years and not in the lowest category of pre-diagnosis MVPA were the least likely to have sedentary time levels at least twice as high as activity levels.
We found that only 15 % of the breast cancer survivors in this study were meeting physical activity guidelines. Two previous studies that have used an objective measure of physical activity have reported higher proportions of breast cancer survivors meeting guidelines (22 and 43 %) [9, 10] ; however, both of these studies used total accumulated MVPA rather than only considering MVPA bouts as was done in the present study. Not surprisingly, given that people overestimate their physical activity levels on self-reported questionnaire [11] , studies that have used self-report measures of physical activity generally report higher proportions of breast cancer survivors meeting physical activity guidelines, with estimates ranging from 34 to 54 % [4] [5] [6] [7] [8] .
Breast cancer survivors in this study were sedentary for an average of 8.2 h per day. This figure differs to results from the three previous studies that have objectively measured sedentary time in breast cancer survivors: Sabiston et al. found that participants were sedentary for an average of 10.8 h per day (79 % of accelerometer wear time) [9] , while Lynch et al. and Phillips et al. found that breast cancer survivors were sedentary for just over 9 h per day (66 % of wear time) [10, 12] . Differences in accelerometer wear time, methodological differences (e.g., different accelerometer models and/or different processing rules for the accelerometer data), and different participant characteristics across these studies are likely to have contributed to the varying results. Regardless, the limited research to date suggests that breast cancer survivors are spending 57 to 79 % of their waking hours sedentary, with little known about the health effects of sedentary time in this population.
In this study, we used two complementary method analyses to investigate the correlates of sedentary time and physical activity levels: linear regression analyses to investigate the influence of individual correlates and classification tree analyses to identify population subgroups with higher or lower levels of these behaviors. In the regression analyses, higher pre-diagnosis MVPA levels were associated with significantly higher post-diagnosis levels of MVPA and LPA and significantly lower levels of sedentary time in this study. Higher 6% with sedentary/activity ratio ≥2 Fig. 1 Classification tree analyses that identify population subgroups of breast cancer survivors that are a more (or less) likely to meet physical activity guidelines and b more (or less) likely to have sedentary time levels at least twice as high as their activity levels levels of pre-diagnosis physical activity levels have been consistently associated with post-diagnosis physical activity levels in breast cancer survivors [4, 14] . We also found that breast cancer survivors who were morning types performed ten more minutes of MVPA per day than those who were evening types. Although there is limited research concerning the influence that chronotype may have on physical activity and sedentary time levels, data from the Nurses' Health Study II [31] , a study conducted among female working professionals, [32] and several studies conducted among adolescents and university students [33] [34] [35] [36] [37] all indicate that morning people are more physically active than evening people and suggest that chronotype may be a novel predictor of physical activity levels. Number of children was also associated with MVPA levels in this study. Previous research conducted among the general population provides mixed results on this topic, with some studies finding that middle-aged women with children at home have lower levels of physical activity than women without children and other studies finding the opposite [38, 39] . Given the age of the participants in this study, one possibility for our finding is that women with more children may have had more grandchildren and caring for and playing with these grandchildren may have contributed to their MVPA levels. However, this is purely speculative, as we did not collect information about the age of the participants' children or the number of grandchildren (or how much time each week the participants spent with their grandchildren). Education (sedentary time and LPA), age (sedentary time), and family history of breast cancer (MVPA) were also associated with sedentary and activity levels in the current study. While the above findings from the regression analyses provide important information about individual correlates, they do not take into account possible interactions. In classification tree analyses, we found that a subgroup of participants with no or low comorbidity, a university degree, and higher levels of pre-diagnosis MVPA was the most likely to be meeting physical activity guidelines, with nearly half of the participants in this subgroup meeting guidelines. Conversely, none of the participants who reported higher levels of comorbidity were meeting physical activity guidelines. Older participants (70 years and older) were the most likely to have sedentary time levels at least twice as high as activity levels, while a subgroup of participants who were younger than 70 years and not in the lowest category of pre-diagnosis MVPA were the least likely to have sedentary time levels at least twice as high as activity levels. Although the findings from the classification tree analyses need to be replicated, they provide some information about where interventions to increase activity levels and decrease sedentary time levels among breast cancer survivors may be best directed.
This study has several strengths and limitations that should be taken into account. A major strength of this study was the use of accelerometers to measure physical activity and sedentary time. Further strengths were our use of two complementary methods (regression and classification tree analyses) to obtain a more complete picture of the correlates of sedentary time and physical activity and our ability to examine the associations between these behaviors and a wide range of prediagnosis and/or post-diagnosis demographic, medical, and behavioral variables. The study response rate (50 %) raises the possibility that the recruited sample is not representative of all those who were eligible to participate; however, we did not observe any meaningful demographic or clinical differences between the participants and non-participants. Finally, the Bcounts per minute^approach used to identify sedentary time in this study means that they were not able to distinguish between Bstationary standing^and sitting, so the estimates of daily sedentary time estimates may be inflated.
This study was one of the first to objectively assess the activity and sedentary time levels of breast cancer survivors. We found that breast cancer survivors were sedentary for 57 % of their waking hours and only 15 % were meeting physical activity guidelines. Further, unique demographic, medical, and behavioral variables were associated with MVPA and sedentary time. These findings can be used to inform, develop, and evaluate targeted physical activity and sedentary behavior interventions for breast cancer survivors.
